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PULMONARY ADMINISTRATION OF 
GRANULOCYTE COLONY STIMULATING FACTOR 

£IFLD OF THE INVENTION. 

The present invention relates tn ct, 
administration of a f ha relates to the pulmonary 

M ^. , ° f a the rapeutic protein and, more 

partxcularly, to the systemic ^ 

> ^ -™ V effectives 

cheiicanTio , :i:rr n9 factor ^ ~ 

ea G CSF - In another aspect th* 
Present invention relates to the pulmonary 
admxnxstration of a pegylated protein. 

BACKGROUND p F Tnr IWVT , MTTn? a 

^Utes W; s Uke 9lyC ° Pr0tein " MCh 

9 rowtb a„ d matura P ti n S1 /; I 1 ^~ '"-he clonal 

cen s found in tha bone :z;:?t r ecursor 

Natl. Acad, Sci Vol a? . ■' proc - 

specifically, o CSF J h f ' 26 " 1530 <1985) • M °" 

is *no„n to tLume tL T *° '°" — « 
stimulate the production of neutrophil 

granulocytic colonies „„en used in vlCro TZTll al 

I" ~* — r0P Ml nidation; GabrUoIe V 
Seminars an Hematology, Vol 26 Nn , rli °ve, J., 

Moreover G-CSF . ' PP - 1-4 (1989 > • 

antibody L d t „ J^-f . * through 

-once. vol. UZ. T "- 6 TalZr tyi S ° U2a " 

moo, P ^z:^T n Zu- csF is aete ^ * 
— ^ voi. a, N0 . t" P p irr xsr icaj 

by fibroblasts, macrophages T cells ! k " "* 
endothelial celis an. .pL^ « ^T' 
expression preset of a single copy gene co^sl of 
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species „ hich is differential!* l0CUS produc « • *W 
«- expression of two ™ VcTT' reSUlti " 9 " 
5 3 matU " *»«h of X77 an,i„o acids ^e^T" haVln9 
-tore length of 17 , OTino acids The L • 
»« a ml „o acids has been te jT' h ^ c <""P ri sed <* 

specific i„ Moio.icir 
io rrr^- «<* — G . C L ls is species 

administered tn ar,«+-u 

to another mammal such as * m «„ 

or monkey, sustained neutrophil , „ ' Canlne 

elicited; Moore et al p leuk °cytosis is 

PP. 7 134 - 7138 ; i9 e 8 t 7 ;;-' ^ voi. M, 

Human G-CSF ^ 
W a number of sources NaT , I PUrlfied f ™» 

be isolated froTth e s ^ ^ <nhG " CSF > «» 

t«r cell u„:: Z TT antS ° f CUlt " ed *•»» 

technology, see ' f Tr I ^ ° f rec °*"-t DNA 
see ' f or instance n q 

'Souza), incorporated herein L ; 
» the production of co-ercu" sea ^ 

in glycosylated for. a J , of G-CSF 

cell expression, and o G-CSF^n n 

» -amed in n:;r:;;;; d s ifi ^; c - - — - 

P-ide additional advantaged ^ aT" 1 "" 0 " 
"ability and clearance til of the th the 
protein. A review article del k the "Pe«ic 
modification a„ rf . describing protein 

"-scrip, MOU L; e r c z Tu*T h ' a b * 

N20 OLD, UK) . For exan,ol» Lane < L °ndon 

•Chemically «odifiln P a n l ° 01 3 "' 
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herein as "pegylated G-CSF" or "PEG-G-CSF ») ^ 

chemically modified G-csf ma k ' Ch 

nhG-CSF or G - C F bt • ^ ^ ° btained ^ modi ^g 

or eukarvoti. h * Pr0dUCt ° f P«*aryotic 

or eukaryotic host cell expression. 

G-CSF has been. found to be useful in the 
treatment of cancer => 

neutr^h-i meanS ° f ^^lating 

defiLT Pr ° dUCti0n t0 ^Pensate for hematopoietic 

» r Patient^ ^T^L 

doses of the protein. Currently, parenteral 
administration via intravenous, intramuscular or 
subcutaneous injection is the preferred route of 

signified PraCtlCal Way to deli ver therapeutically 

llZlat ll" 0 ^ ° f G " CSF t0 ^ bl °°**ream, 
although attempts have been made at oral deli J 
for example, Takada et al chem h d ^very; see, 

Vol 37 Mn * ' Pharm - Bull., 

20 of h PP ' 838 " 839 (1989) - Nonary delivery 

20 of chemically modified G-CSF has not be.n h 

previouslv ™ v - been den »onstrated 

:i a::: ch °e d more poiyethyien * ^ - 

p e acetate is a nonapeptide with luteinizina 
30 that inh„,^ " y - Studles » ith animals indicate 

la : : ;;: an •< ^0^ 

results m meaningful levels in k, 
et ai.. rnar^aceutical Kesearcn, III " ^ * ^ Ad3ei 
PP. 565-569 (1990). ahs^ ^ , 

«cs, Vo1 - -£2* PP. 135-144 (1990). 

° Endothelin-1 (ET-*n a r>i 

,ro^^^ . a 21 a ^mo acid 

vasoconstrictor peptide produced by endotheliai cells, 
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has been found to decrease arterial blood pressure when 
adnurustered by aerosol to guinea pigs; Braquet et al. ( 
Journal of Cardiovascular Pharmacology, Vol. Ur 
suppl. 5, s. 143-146 (1989). 
5 The feasibility of delivering human plasma 

al-ant.trypsin to the pulmonary system using aerosol 
administration, with some of the drug gaining access to 
the systemic circulation, is reported by Hubbard et al 
Annals of mternal Med icine t Vol. UI, No. lf Pp ' 
10 206-212(1989). 

Pulmonary administration of a-l-proteinase 
inhibitor to dogs and sheep has been found to result 
in passage of some of that substance into the 
bloodstream; Smith et al., j. ciin. invest., Vol. Mt 
15 pp. 1145-1146 (1989). 

Experiments with test animals have shown that 
recombinant human growth hormone, when delivered by 
aerosol, is rapidly absorbed from ^ 

f aster growth comparable to that seen with subcutanoo 
rn:ectron; Oswein et al., "Aerosoliration of Proteins- 
Proceedings of Symposium on Respiratory Dru 9 Delivery ' 
II. Keystone, Colorado, March, 1990. Recombinant 
versus of the cytokines gamma interferon (IFN-g) and 
tumor necrosis factor alpha ,™ F -„ have also been 
observed in the bloodstream after aerosol administration 
to the lung; nebs et a!., The Journai of ^ u 
Vol. IML, pp. 3482-3488 (1988). 

has not bJnT^ adminiStration «* proteins 
has not been demonstrated previously, although, as noted 
above, chemical modification of proteins, including 
pegylation, has been demonstrated for a variety of 
proteins, including G-CSF. 
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.SUMMARY n F ^ invehuqn 
The present invention is based on the 
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«-* casea on the 

6ff y airectin g a stream of a therapeuticallv 

effective amount of G-C«?p *u v*uticaiiy 

nf f . , L CSF into the oral or nasal cavitv 

of the inhaling mammal. Importantlv an n cav "y 
substantia ^portantly, and surprisingly, 

substantial amounts of g-csf ar- Q « » _ * *' 

, n , z b USF are thereby deposited in 

» the lung and absorbed fro m the lung into the 

Moodstrean,, resulting in elevated blood neutrophil 
levels. Moreovpr • cu ^opmi 

necessitv t! " aCCOrapllshed ""hoot the 

of 2 t0 SPeCial TCasur « ««* as the use 

is spe • :i:ir n d enhancin9 a9ents ° r ^ 

invasive alter^tive^ r^T^^^ 
by injection. y ^ LSF 

>-0 based on the" h""" aSPe0t ' PreSent ln ™»"°" L 
based on the discovery that chemically modified G-CSF 

. . 6 Dody ' alte ^ immunoreactivitv 

reduce tcrcity, alter bioactivity, and alter certain 
Physxcal properties of the therapeutic peptide 

is based on n th et K an0ther aSPe "' th * P ™* nC ^"ion 
Da sed on the broad discoverv i-w 

> a polyethylene glycol molecTh e J2l IT "T 
absorbed by the luna inrn _ attached may be 

glycol, or C Ts\Z dl "*» l0 ° d "«- -IV-hyiene 
-lid P EG s are ins ol^e Tu'l ^ ^ eXa " Ple ' 

fixed oils. Handbook of PharZ , ' fatS "* 

. or Pharmaceutical Excipients 

J*" 1Can Pha — "cal Association and The 

Pharmaceutical Society of Great Britian,, pages 20 9 - 2 l 3 
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at 210. Further, the structure of th* i 
while gaseous exchange is facxlitatl " " ^ **** 
or liquids is not tL J * aCXlltated ' u P take of solids 
epithelia cell L * betWeen 

* not oe expe ^TT^ "* " 

hycirophilL Jle ule '^r 30 ^ 10 " ° r tranSfSr ° f ^ 
cross hydrophoMo s r; ny PEG t0 

h . . - pulmonary ^Z^7^ e9ree ' 
chemically modified G-r^r w SF 0r 

Prrmary structural conformation ,1 f 1° " 
sequence of amino acid residues, and " 
biological properties of natural " ° f the 

number of publication. ,! """""v occurring G-CSF. a 

« «-CSrs. inLuding he J::: 11156 meth ° dS ° f 

- -te et ai.im; 7^"^ ~ ^ 

nammalian organisms or Tit 1SOUted PUr * fr0 " 

» cnemicai ^Tp^rr^' 3 Pr ° dUCt 
eucaryotic host expressions P™«ryotic or 

obtained b y genomic or CD ^ C DNA ~— ~ 

synthesis, suitable 9 ° r by 9ene 

bacterial ^T'T"" 0 ^ 
* bests included e o' 

(e.g., Chinese hamster 'ova Cew " 1 «> and mammalian 
the host emp^/r;^::" 2 - '"^ 

such forms of G-CSF Wit.! ! ° f 3ny and a11 

specially , -T^J^^ 
greatest commercial practicality. S °" S ° f 
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in the present * ^^"^ -^'^ '« use 

the product 0 " a " ! 0 " ^ alS ° ^ either nhG " CSF »r 
uucc ot a recombinant nucleic „ 

as prokaryotic or eukaryotic host cell *"* 

a cnenucal moiety to thp r.rcr 
itself, „here said chemioi ">olecule 
administration ^ If " ty Pe ™ its Pulmonary 

att A chemically modified G-CSF The 

ccvalent ZJ^™^^^ «- 
attachment. The chemL modificatt 

the controlled, sustain.* My contri ""te to 

G-CSF t„ • su "ained or extended effect of the 

<• CSF. This may have the effect <■„ 
controlling the amount of t" t l I ° f 
-CSF takes to reach the cirTulatL """"^ 

chemical modifier i. „ , r ° Ulatl ° n - *> example of a 
derivatives thereof P " m * 1 "» includi„ g 

invention a« TnT^ '7, *" <* "a. 

"hich Permit ef 1C a c ; i C : y ~ W reparations 

Efficacy may be 2 ? PUlmon ^ administration. 

Practitioner in r^^.-"'"'''- " ' 
G-CSF, especially pegy la E " ZTZ 
"■ore particularly, trl-tetr. ' , G ' C$F ' and 

-SF ,as descrihed J^u'S^L ~ 

G-CSF or otT;; peptte " 9 Ch6miCal m0i " y t0 tha 
of the attachment Tor I^^, 0 """" ^ 
location affectino th! ' ittactoe '> t a 

domains or antigeni lom^"' bindi " 9 ^ fUnCti °" al 
Mological activity * ,1 ~ tha 

Pulmonary atinTftraUon "f * "» ™" <* 

variety of comp "o n s for IT"'" a 

administration would he desired 

desired in pegyiated form. 
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cM-cs, c SF -, p IL -rr _t s o u t tr t r F - scf - epo - 

Proteins such as growth factors a Tlo2 ° 
useful, such as human or other ani " * 
(for example, bovine o 9r0Wth hormones 

hormone,, 'and ^ ^ " ChlC,Cen ^ 
tPA, urokinase and st" Jo kln ^ * CtiVat °"' « 
Also contemplated 

having all or part of f! P ° rtl ons of proteins 

a or part of the primary structural 
conformation of th. „ ""uctural 

- bi oio 9i cai of P :: izzzztzr least ° ne ° f 

A-logs, such as substitution or ueleti Pr ° tein ' 
-ose containing altered amino acio s l " 

Peptidomimetics are .I.. as 
are also contemplated. 

Also contemplated is use nf , 
9lycol molecules with , Polyethylene 

Preferred are those ll T °* " ei *ts. 

a=t to increase " : ^ ^ -** 

those PEG molecules with a moUcular 

ahout 500 and about 20.000 The" °* b "°~ B 

reflect the approximate . ab ° Ut " is used to 

Polyethylene ^T^S m ° le ° Ular °' " 

-ecules in the prep'ara" wai™^ — 
Preferred are "solid" peg, J " 9 " "" >re ' so, " e less, 
and oils, -solid" PEG ! f hlCh ""I""- - fats 
-ove. although PEG S oo can Tllu/^l ■ ^ " 
temperatures. Handbook of Pharma^ , ^ 
«W Page 209, which is in!* ^ ETCi Pl e "ts, 

The PEG used in the t """^"ted by reference. 

a modular weight 0 7T 0 Z ToTlT^ ^ ^ 
the half Ufa of the G-CSE used ^ '""^ 

attached tX^^J^ Joules should be 
functional or antigen^ ""h consideration of effects on 

-hod for attachment o f t ; p n o S i aS ^ ^ "» 

ot the polyethylene glycol 
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364 (coupling PEG to G-CSF, ^ EP ° 401 

5 of gm-csp using tresyl chl r e 2 F ~! Pe9ylati °" 

free ami™ „ . reactive group, such as, a 

rree amino or carboxyl grouo ***** 

to which an activat-PH , RSaCtlVe ^oups are those 

«y include";!"; :;: e r :;rr a free carbo * yi — 

resid„«c „ u residues, glutamic acid 

Sulxhll C " terminal amin ° 3Cid -idue. 

Sulfhydrl groups may also be used a* * 

30 attachedly iTT^^ 

:: t :: ie - — - «- e„ e c t :ir a ;: ^ 

6000 molecules attach ' ^ " ^ ™ 

Contemplated for use inn,, 
invention are a wide rano„ , P« c «=a of this 

9e of nechanical devices 
designed for pulmonary delivery of th. 

including but not limited to nenuU e rs r Pr ° dUCtS ' 
inhalers, and powder inhalers t^ T d ° Se 
to those skilled in the art "* 

availahle ScT^^T?" " 

invention are the PraC "« <* «*. 

Mallinccrodt nc ^ .»-""««. manufactured by 

/ £>t. Louis, Missouri. +-H~ * 

nphni^^v. "-Labouri; the Acorn IT 

citz: c ~r: h ?CoT st Medicai — 

— tured b y Glaxo xnc Ltar^^nglTpa'rT 1 "' 
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North Carolina; and the Spinhaler powder inhaler 
manufactured by Fisons ro™ *> ^ "ina^er, 

y Fxsons Corp., Bedford, Massachusetts. 

fomnn^- SUCh deViC6S re<3Uire the «*e of 

formulations suitable for «*■ 
5 Typicallv M , h T dispensing of G-CSF. 

YPically, each formulation is specific to f ho * 
device emDiov P rt *r,w . *P e ciric to the type of 

employed and may involve the use of an 

"I" Pr ° Pellant material ' " «^"« « the 
carri*^ • wii ^exes, or other types of 

' the most el I IZl TfZT^ °" " ""^ in 

~- t MS ^"rrs^r^r"" to 
sr; * — -° —at:; :; he — 

rormulating chemically modified r-r<tv 

Protein for pulmonary actaini :: r d at G io C - « ' — latec 

Formulations suitable for use w( t h 
nebulizer, either jet or ultr„«„ 

comprise G-CSF ,„ r k Ultraso,uc ' »«1 typically 

CSF (or chemically modified G-CSF or 
pegylated protein, dissolved in „ ater ° f 
of about 0.1 to 25 m g of G-CSF ,!1 ooncentretien 
G-CSF or pe gy l ated protein, P L mt 
.ormuletion may also ITl^ 

<••... f or protein stabili^tion and retlatioT J 
osmotic pressure, . Exa „ ples of bat ^^ CB °* 
are sodium acetate, citrate and g "ci ne Pre"^ 
=-CSF formulations, the buffer „i U h a ™ Pre£erably ' for 

- - to 5 „ mVare~I; TZ7^. " 
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5 sur £ acta„t' h t„'Cc 2er f °™ Ulatl °" — -tain a 
aggregation f h " PreTCnt SUrfaCe ****** 

surfactants can h. , er ° S<>1 - Va "° us conventional 

fatty acid esters ,T r d ' M 
10 sorbite fat" id" I ' "* ^^thylene 

-tween O.HT a T^l^ZV^ ^ 
especially preferred -L^l^^^.* 
mention is polyethylene sorbitee" loZLate " 

Formulations for use wit-v, = 
inhaler device win metered-dose 
div/n h generally comprise a finely 

divided powder containina G-r*r , . 
20 modified G-CSF nr ^ Chemica Hy 

~ u zr ::v— -.1^ 
h vdroc hi or 0 a:::; c : v h ;::::; nuoro " rb -- 

* hydrocarbon, including rich!!" , 0 "* 0 "' " 3 
triXe'r 18 SUrfaCtSntS inC ^ 



£gwder TnhaiPr r~ rrrlu 
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inhaler S^Tu^ 8 P °"<<~ 

powder cent, «»P"se a finely divided dry 

powder contain, G - CS F for chemically edified G -csr 
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or a pegyiated protein, and may also inn. „ 
agent, such as lactose, sorbitol T * 
in amounts wh ich facil tate d *' °* 

from the device ' ° f the powd « 

5 emulation. T t ^ t0 9 ° % ^ ° f ^ 

or Pe gy i ated protein s l°: id ChemiCally 
Prepared in pLtic t ^ ~ * be 

size of less than 10 m f *" aVerage Article 

L ° distal lung. eff ective delivery to the 

chemically modified G - CSF 1^ ' ^ ^ or 

— t ion of the neutr ^ u S - achieve 

5 What constitutes a i-h 6 s y stem ic blood. 

a we Practitioner will tak^ 
including the normal „ nto acc ount, 

treated, the degree of I t " 01 iUne " »eing 
condition of the suh ect InTf 1 !' 

**age region win IT^ZlT 9 "" 1 ' « 

blood neutrophil level for t h! " m 
treatment is restored, ll uT st T U " der90in9 

IZ " d ~ "ood neutropti TcZZ "LT""' 
the normal blood neutronM i i counts - For humans, 

-trophils per »ic lit 0 tl ? *** 5 °°° "■«»<> 
^low 1000 i„ humans are ; en ° e f ra b 1 1 1 °° d - "-trophil counts 
indicative of s»„. generally regarded as 

with cancer^atients s "" dl " 
neutropenia have shown that k Che ""> ther apy-induced 

<* 3-5 „ G . CSF/J(g e ;; r ;t„ e ;;rrr in3ecced — 

in elevating acuteiy deficient bl " " • ff " cti ™ 
above 1000. Based on „!., neutrophil levels 

on prelrnunary results ^ ^ 
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described below, it is anticipated 

mammals, includino h Clcl P ated that for most 

G-CSF for ZZZ ' admini ^ered dose of 

^^:z: a ZnT7 (referred to he - - «» 

3 correspond^ ^^^^T °* 

Particular blood neutrophil l eveI " ° 3 

C-CSP ma y b?ast™r k ° Sa9e -dified 

of actors listed ab v e ^ ^ ~* 

^0 such as pegylation "^^ nodi «cation, 

* - 4 9 :\r:^ — of G . CSF 

ascertaining therapeutic 7 considered when 

»» aiao alter iZ^eS" ^ "° di ""«- 
bioactivity. and aiter c h ' f" 
5 the therapeutic n„ f P yS1Cal P ro P«"« of 

-aider rSL*'^ ™^ ?• 
chemically modified " cs 7 ""7"" c * 
chemically modified G-csT ! ^ 
-own to have a ae™ ^ ^S^TtT ™' *" 
non-pegylated G-CSF. heater than that of 

«- art sho'Vc^rfthr "T"' "* ^ *» 
Pharmacologics pC , , ,7 ^ °- 

-ending the piaj hail-ullTcT' T"* 
increasing in rtw bioactl ^ 
antigenicitv a „H ■ " v "y. and may reduce 

incrlaae ZlZ^lT^- ' ^ ~» ^ * ~ 
For other general con - rt to Proteolysis. 

Usages. ^ ZlZlT^ 
«• ,„ac k Pushing * T 4J 5C ™' 

*3 those Ltr 0 " ChaPt6r 35 • 
^ K Aliea in the art will 

the operating conditions for delivery of ^S^ 6 ' 
inhalation dose will v»™ aellver y of a suitable 

mechanical device e Jo /^sT " " 

^sterns, such as nehuuLr" the fr Mr ° S01 """"^ 

—on and operating p^I Rotated 
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composition per unit voiume in -the aerosol t 

the higher the concentration o £ p o te „ ' t " 

solution the shortPr *h P^otem m the nebulizer 

* -co as metered die — 

concentrations ^^^'^27,,^*- —* 
snorter periods to 9 ive the desire" r esui t "™ ** 

Other devices such as powder ,nh a1 
resigned to be used untii . gij ^ "™ m 
0 Serial is exhausted from the 11^11^ 

^inistration. ^ > -m 9 ie 

3 Pharmaceutical 

easton^t i99 °: 

•erosol administration. "Nation relating to 

Regardless of what device is „„„ . 

itsei f . i-dL^tr^TT- Thedis ^«-t 

=-CSF. or a pe 3y lated protein ^ * * """"^ 

Particles which is ^l^^JT^ ° f 
deposition within the lung A " f ^ ** le * f ° r 
average particle size , ab0Ve ' an 

than 10 1 ,or licrons, " S ^ "^"^ ° f 
used for most ef Z it 'del 

^r example, the ^ ^ 

essentially of pecv^T parti cles ma y consist 

O-CSr described he e r rr^"' ""* " ^ 
aoceptabie carrier Pharmaceutical 

neutro P hil^itn? F c 0 h ; d S r been ^ U «™ treating 

«lated neutrope G-CSF " S " ^herapv 

penia, G CSF is expected to also be 
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effective in combating infections and • 
conditions or illnesses where bl T ° ther 
elevated ab ove the ^^^^T^ 
As further studies are conducted \nf ' bB "* flt - 

5 emerge regarding appropriat!* lnf0rmatlon will 

administration of r- . aosa 9e levels for the 

further studies tre ZS^T Utter "so. as 

* is expected the C-CSF, 
"ill be ascertained for thl f °™ ula tio„s and dosages 
» that the present i^^T,*""-, " «^ 
non-invasive aiterna* ' applicable as a 

<or chemically BodifieT G-cJ"" inSta " Ces G-CSF 
is administered therapeutically J ■^^. Pr ° t ' 1 "" 

FIGURE 1 is » «-« v 
e«ect of spontaneously ^ i dePiC "° n ° f "» 

p -utrophii levels in halste« ^ °" 

FIGURE 2 is a h„ , 

neutrophil levels in h ^ ° f the blood 

xevexs in hamsters fnii. . 

aerosols generated f rom eitJr 9 6Xp ° Sure to 

an Ultravent nebuli 2er J ™ U neb »"«er or 

of rhG-csr m .^^Z"'*™* —rations 

FIGURE 3 depicts » - 
neutrophil ievels resultino f " ° f MMd 

aerosol ad»inistratio; ToTlZZ^™™ ™ 

-unt at tile "TteUu 3 oTho «" 
Ministration of 50 „ 9 of .C^^r""" 1 * 
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neutrophil ^ 5 9raph ° f th * ovulating 

Pe 9y lated J£ filiation of soug 

blood cell "Tnts 'J^; ° f circulating white 

5°u 9 peg y i ated G -csr tier S 27s inStiUa "°" 

15 animals .fter^sLV " 9raPh ° f Wei9nt cha nge of 
non-pe 9y lat ed G - CSF — of 50ug 

tVPes in ci" G u U Uti 9 o„ iS a ; e ? Ph t " ««-nti a i cell 
*° SO0M 9 A 9 peg ylated e-cs" instillation of 

O^oncnoaveo" va g eV^raf 0 t f *» 
instillation of SOoU^Z^"^ 

effect on JhTtTblo^ Uf" 9raP " illUst "«"9 the 
inhaled anesthetic 1 us ^ ^ USi " 9 » 
24 hours after int " : T* "° '""^ a "««>etic 
ncn- P e 9y iated G - CSF " Cheal of 5 o M 

FIGURE 12 is a bar 
after intratracheal instill.*?" 1 */* neUtr °P hils i» BAL 
G-CSF. installation of SO^g non-pegyiated 
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FIGURE 13 is a graph of the relative 
concentrations of pegyiated r-rsr „ 

as determined by immunoassay ^ 

5 

transformer"^ " " * 9 ™ Ph ° f the ^arithmic 
transformation of the rat-** fh.f 

non-pegylated G-CSF Is absorb" 7 " 
oresent-.H • . absorl =ed from the lungs as 

io l: p ^irnrr present in ^ •** 

rpcion rate constants ( (ka) /hr) ) . 

curve UogaTf ■ ? ** 3 ° f ~ 

initio " inStiUed Md ^du^neous 

^ injection tri-tetra pegyiated G-CSF. 

circular- T* " * 9 "* h °* the increase in 
intra ca7 M °° d ^ ^ ^ a 

instillation or intra-ra^^^ . . 

Pegyiated G-CSF ln3eCtl ° n 0f 500 ^ 

5 
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S-CSF is Z ;r clt err 6 " 1 ^i""" °» <* 
- ^.ophiis i„ the fia-^* - 

Permed to demonstrate that inhalation of an aerosol 
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of recombinant human G-CSF (rhG-CSF) 

incrpa<^ < n ' also causes an 

* 0, t h e afo reme „ tioned SOU2a pat s ;„ q : e c :i sho " n in figure 7 

hG-CSF polypeptide w ff h comprising the entire 

.-up. IC iivi: :vizT t T inai methionine 

described therein. Sa " e pr °«°ure 

10 modified G- T CSr f TT ry ad " lni "«tion of chemically 

- -sLLe r a v : s t°o d ::rr e ? erein - usin * — 

molecules have bee atta f POl "« h ^-e glycol 

Pulmonary a^nistrattn d ™* °' G " CSF 
chemically mLified" ^ 1 ""'^ that 

15 pegylated protein can h T reSpect " a 

tern, can be absorbed through the lung. 

20 EXAMPLE 1 

- change Tthe 1 Z^T^T^ " —™ 
» 4-6 wee. old male Golden SyrrLh \ ° f 

Laboratories WilminaT hamsters (Charles River 

subcutaneous a^ „ t 9 ; t n ; on MaS r ChUSet "> • . 
The rhG-CSF was prepared as Vari ° us dose s of rhG-CSF. 
sterile distilled „« er dil \ ^ """"^ ta 
30 solution, and diffe rent vol °- 9% Saline 

injected subcutaneous! Z ZT" 
test groups of 3 to 5 L T ° f hamste " 

blood „as P colle t d J™^™ ^ ^ 

Puncture under haiothln anesthesU^The T 
35 neutrophils in k, esia * The number of 

p lis ln th e blood was determine k 

— rential end complete blood' iTctnls "l^f 
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these experiments, shown in FIGURE 1, indicate a 
dose-dependent increase in the number of neutrophils 

L do's" aftSr lnj6Cti0n ° f rhG " CSF is ^-rved 

for doses up to approximately 100 micrograms per 

kxlogram of body weight < m g/ k g) . The dose res 
appeared to level off at greater doses. 

EXAMPLE 2 

10 Aerosol Ow^riTEtinn -, nrt m^,^ ,^ ^ 

rh C r<n, Inhalati ° n ex P°^res to aerosols containing 
rhG-CSF were conducted using a M animal eitposure 

15 ZTV,"™'™*'"" * m-Tox Products (Albuquerque. 
15 m> only the centra! 12 ports in the animal ZJlr 
were used; the peripheral ports in the aerosol 
distribution manifold in the animal chamber were 
sealed With this modification to the chamber, the air 
soppired by a nebulizer was adequate to maintain 10 
hamsters during an exposure. P ilte r samples were taken 
from one of the animal ports and from the air exhaust 
line to measure the aerosol concentration in the 
exposure chancer. The aerosol was sampled from the 
remaxning available animal port, and particle size 
distribution measurements with a QCM (quartz crystal 
monitor, cascade impactor (California Instruments, 
inc., Sl erra Madre, CA, were taken periodically 
throughout an exposure. This cascade impactor draws 
only 2.0 mL/min, which allows the particle size 
distribution of the aerosol to be measured without 
disturbing the airflow pattern in the exposure chamber 

Prior to conducting the animal exposure 
studies, the aerosol concentration and particle size 
distribution of aerosols generated from a 20 mg/m L 
a bumm solution, using either the ultravent nebulizer 
or the Acorn I! nebulizer (both jet type), were 
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measured in the exposure chamber. Table 1 shows the 
particle size distribution and the average albumin 
concentration in the aeroso! measured at two locations 
(nose and outlet) in the chamber. The Ultravent 
Produced an aerosol having much smaller particles than 
the Acorn II, but the Acorn „ produced q more 

concentrated aerosol, it was found. that the two 
nebulizers delivered a roughly equivalent amount of 
protexn to an animal when the devices were operated 
until the initial charge of 5 mL was exhausted and 
aerosol 9 eneration became erratic (10 or 15 minutes for 
the Acorn U depending on the operating air flow rate, 
and 20 minutes for the Ultravent). 

TABLE 1 

AEROSOL CONCENTRATION AND INHALATION DOSE 
ESTIMATES FOR TWO JET NEBULIZERS USING A 
20 mg/ml ALBUMIN SOLUTION 



20 



Nebulizer 

Ultravent 
10 L/rain 
Acorn II 
8 L/min 
10 L/min 



Aerosol 
Cone. ng/L ± SEM 

outlet 126 ± 13 

nose 141 ± 17 
outlet 239 ± 48 
nose 141 ± 17 
outlet 362 



MMAD 
(Jim)* 
GSD 

0.93 
3.6 
2.8 
2.9 



Period 
(minute) 

20 
20 
15 
15 
10 



Delivered 

Dose 
ug/L± SEM 

76 ± 8 
85 ± 10 
107 ± 29 
133 ± 3 
109 



* MMAD = „ ass -KllM aerodynamic diameter; GSD = Geometric 
standard deviation; SEM = standard error of the mean of 
three determinations 



25 . estima *e of the amount of G-CSF delivered 

via aerosol to a hamster during an inhalation exposure 
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from a nebulizer was determined from the following 
expression: 

D = hVCDt 

where D is the inhalation dose, h is the fractional 
deposition, v is the ventilation rate, C is the aerosol 
concentration, and Dt is the period of administration. 
By using the measured aerosol concentration (C) and 
operating period (At) of the nebulizer, along with the 
resting ventilation rate (V) for a mature hamster of 
30 mL/min and a fractional deposition (h) of 0.5, it was 
determined that G-CSF concentrations of between 5 mg/mL 
and 10 mg/mL of nebulizer solution would result in an 
inhalation dose of 100 m g/kg (e.g., 10 m g for a 100 g 
hamster) . This was the dose estimated to produce a 
maximal neutrophil response via pulmonary delivery. 

EXAMPLE 3 

Aerosol ftdminic traM „ n nf ,. _ ^ F ^ u ^ t „ rr] 



The solutions used to conduct aerosol 
exposures were prepared by reconstituting lyophilized 
rhG-CSF in sterile distilled water containing 1 mg/mL of 
the nonionic surfactant polyoxyethylenesorbitan 
25 monooleate. The solutions used in the nebulizer to 

generate the exposure aerosols were prepared with G-CSF 
in concentrations ranging from 1 to 15 mg/mL. 

Groups of ten hamsters (mature, male Golden 
Syrian) were exposed to aerosols containing rhG-CSF. The 
hamsters were placed in restraining tubes and allowed to 
acclimate for approximately 5 minutes. The tubes were 
then inserted into the exposure chamber and the aerosol 
exposure was initiated. Following exposure, the hamsters 
were returned to their cages and given free access to 
food and water. Blood samples were taken 24 hours after 
exposure, and the blood neutrophil concentration was 
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determined by the same procedure used to evaluate the 
blood samples following subcutaneous injection. 

The aerosol concentration and particle size 
distribution were measured during each exposure. The 
G-CSF dose was varied from one exposure to another by 
using different concentrations of G-CSF in the nebulizer 
solution. 

Hamsters exposed to aerosols containing G-CSF 
were found to have elevated neutrophil concentrations 
when compared to untreated animals and animals exposed 
to an aerosol containing only watfer and surfactant 
(polyoxyethylene sorbitum monooleate) . FIGURE 2 shows 
the increase in neutrophil counts observed in animals 
exposed to aerosols generated from rhG-CSF nebulizer 
solutions ranging in concentration as described. As 
can be seen, the circulating neutrophil levels obtained 
from G-CSF aerosol exposure, even with as low a 
concentration as 1 mg/mL of G-CSF (using the Ultravent 
nebulizer), were significantly higher <p<0.05) than the 
group exposed to an aerosol without G-CSF. The 
statistical significance of the increase in neutrophil 
levels over the control was p<0.001 for all the other 
groups. The increase in blood neutrophil levels 
correlated with increasing G-CSF concentration in the 
nebulizer solution up to a concentration of 5 mg/mL. A 
maximum response of 15,000 neutrophils per ™L of blood 
was observed with the more concentrated G-CSF nebulizer 
solutions, similar to the maximum obtained with 
subcutaneous injection of doses greater than 50 mg/kg. 
There was virtually no difference in neutrophil 
response obtained with the two nebulizers using lower 
G-CSF solution concentrations, e.g., below 5 mg/mL. For 
G-CSF solution concentrations greater than 5 mg/mL, the 
Acorn II nebulizer produced a greater increase in 
35 neutrophil response than the Ultraveht. 
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An inhalation exposure to an aerosol generated 
from a 5 mg/mL G-CSF solution that did not contain 
surfactant produced a neutrophil response (9,910 ± 960 
neutrophils/^) in hamsters not significantly different 
from that obtained with either a 50 ng/kg subcutaneous 
injection containing surfactant (10,935 ± 1 390 
neutrophils/nL) or a 50 ,g/ k g subcutaneous injection 
prepared from the solution lacking surfactant 
(10,270 ± 430 neutrophils /mL ) . These values are reported 
as the mean and standard error of ten animals for the 
aerosol tests and five animals for the injections. From 
this experiment, it was concluded that the surfactant 
was not a necessary component of the aqueous aerosol 
formulation for G-CSF. 



EXAMPLE 4 



fractional Baaflaj ^ ofl of n-r$ F 
Aerosol j n HfTPt Pr T.n n qff 



The dose delivered to the animal during an 
exposure was estimated in order to ascertain whether 
therapeutic amounts of G-CSF can be effectively and 
economically delivered via the lung. The delivered or 
25 deposited dose is the product of the amount of drug the 
animal inhales and the efficiency (fractional 
deposition, with which the aerosol particles deposit in 
the lung. The latter was determined by measurement of 
the amount of G-CSF recovered from the hamster lungs 
following aerosol exposure. 

G-CSF deposited in the lungs was measured in 
two groups of four animals exposed to aerosols generated 
with the Acorn II nebulizer. Immediately following 
aerosol exposure, the whole lungs of four hamsters w ere 
35 removed, placed into glass tissue grinders containing 
mL of cold physiological buffered saline, and 
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the , lnal S upernate n t was transferred to a dean tube 
and assayed for G-CSF using radioimmunoassay 

5 uZ e "tnis C " Th °r and ° akS ' *■ In C0 "" 01 »P«iments 
G-CSF L T C ' " that 75* of the 

sp' l : ch be k recovered fr « of lung „ omogenate 

of G-CSF in th am ° Unt ° f G " CSF - AU —omenta 

of G CSF ln the lungs following aerosol exposure were 
corrected for this f„n.i„„ = , 
10 lung tissue. f " Ctl ° nal — ery of G-CSF from 

d.o„«-, „ *" of 3 - J ± °-3 M 9 of G-CSF was 

deposited ln the lung in the group of animals exposed 

solution of the protein. An average o, 20.0 ± „.0 „g of 

mini I P ° SUed ^ aniM1 ^ 
-nutes to an aerosol generated from a 2 0 mg/mL 

solution. Based on the concentration of G-CSF in the 

ventil ti eaSUred dUri " 9 ^ eXP ° SUre Md the "*"ng 
ventrlatron rate ,30 mL/min, , the animals in the S-mg/ml. 
0 group inhaled 22 „ ot G . CSF „, „ 

Z' T 2 °" n9/BL 9r ° UP inhaled 69 « »* =-C3F 
(208 ug/ L x 0.030 b/min x 11 min, over an exposure 

Period, using the amounts of G-CSF inhaled and the 
amounts recovered from , 
? • C ° Vered from tn « lung, the deposition 

the 20-mg/mL ^ 9r ° UP ^ 29% f ° r 

G-CSF m . The / raCti ° nal position determined from the 
G CSF measured « the lungs following aerosol exposure 

a o o 1 !° GStimate G " CSF *>" administered h y 

aerosol, ln order to relate the increase in the 

neutrophil concentration to the aerosol dose. 

Table 2 contains the inhaled and deposited 
doses estimated for the 3 «™e„-> witea 

u tor tne aerosol exposures usinq various 
—nations of G-CSF in the nebular solut on h 
CSF aer ° S01 "—tration was measured gravimetrically 
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from a filter sample collected during the exposure and 
the weight was corrected for the proportion of 
surfactant (1 mg/mL > to G-CSF in solution. The inhaled 
dose was calculated from the aerosol concentration, the 
resting ventilation rate (30 mL/min) , and the exposure 
period (U minutes for the Acorn II and 20 minutes for 
the Ultravent). The deposited dose. was calculated from 
the inhaled dose and the measured fractional deposition 

TABLE 2 

THE ESTIMATES OF G-CSF DELIVERED 
TO THE LUNG DURING AEROSOL EXPOSURES 



Solution 

Cone 
(mg/ml) 



[C]* 
<H9/L) 



Inhaled 
Dose (Jig) 



Deposited Mean Body Estimated 
dose (jig) weight Dose/Body 
(g) Wt . 

<Hg/kg) 







Acorn II 


Nebulizer 






1 


8 


2.6 


0.75 


66.7 


11 


2 


10 


3.3 


0.96 


76.3 


13 


5 


73 


24 


7.0 


92.2 


76 


10 


109 


36 


10 


83.3 


125 


15 


188 


62 


18 


86.1 


209 



15 







Ultravent 


Nebulizer 






1 


2.5 


1.5 


0.44 


63.3 


6.9 


2 


2.7 


1.6 


0.46 


77.1 


6.1 


5 


33 


20 


5.7 


91.2 


63 


10 


41 


25 


7.1 


84.8 


84 


15 


38 


23 


6.6 


81.5 


81 



FIGURE 3 shows the neutrophil response 
following subcutaneous injection and the aerosol 
administration of G-CSF for the dose levels calculated 
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above. Comparing, the neutrophil response obtained with 
an aerosol to that obtained by subcutaneous injection 
shows that, for the therapeutically important dose range 
of 1 to 100 ng/kg, the deposited dose is approximately 
equivalent to an injection. 

While this invention has. been specifically 
illustrated with regard to the use of aerosolized 
solutions and nebulizers, it is to be understood that 
any conventional means suitable for pulmonary delivery 
of a biological material may be employed to administer 
G-CSF in accordance with this invention. Indeed, there 
may be instances where a metered dose inhaler, or powder 
inhaler, or other device is preferable or best suits 
15 particular requirements. The foregoing description 
provides guidance as to the use of some of those 
devices. The application of still others is within the 
abilities of the skilled practitioner. Thus, this 
invention should not be viewed as being limited to 
practice by application of only the particular 
embodiments described. 
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Examples using rhPmicaiiv mohh f j ftd g-r^ 

25 Examples 5-8 below demonstrate that 

chemically modified G-CSF may also be administered 
systemically, with biological activity in vivo equaling 
or exceeding the efficacy of non-pegylated G-CSF. In 
mammals, pegylated G-CSF not .only caused an increase in 
total white blood cell count, but also the production 
of a greater number of white blood cells than similar 
administration of non-pegylated G-CSF. Furthermore, the 
numbers of white blood cells were sustained for a 
longer period with pegylated G-CSF, than for 
35 non-pegylated G-CSF. 
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The examples using pegylated G-CSF also 
demonstrate that pulmonary administration is 
unexpectedly efficacious for pegylated proteins. 

In Example 5 pulmonary administration of 
pegylated G-CSF via intratracheal instillation was 
compared to pulmonary administration of non-pegylated 
recombinant G-CSF. Two observations are notable: 
(a) the pegylated G-CSF was absorbed from the lungs to 
the blood stream, and remained in the blood stream 
longer than non-pegylated G-CSF; and (b) overtime, the 
increase in total white blood cells was higher and was 
maintained longer with the pegylated G-CSF than with 
non-pegylated G-CSF. 

In Example 6, immunoassays were performed to 
determine how long G-CSF is detected in serum when 
administered to the lungs in pegylated vs. non-pegylated 
form. These data indicate that pegylated G-CSF transfers 
out of the lung more slowly than non-pegylated G-CSF, 
and reaches a peak serum concentration approximately' 
4 hours after non-pegylated G-CSF. 

In Example 7, a dose ranging study compares 
pulmonary administration of pegylated G-CSF to 
sub-cutaneous («sc«) injection of pegylated G-CSF. The 
results (in terms of biological activity) were similar 
whether the pegylated G-CSF was instilled (pulmonary 
admxnistration) or injection directly into the blood 
stream. This demonstrates further that pegylation does 
not prevent the G-CSF from absorbing through the lungs 
and having biological effect. 

In Example 8, intra-cardiac pulmonary 
administration was compared to intratracheal pulmonary 
administration in terms of the number of total 
circulating white blood cells, with the following 
observations: 

(a) for. intra-cardiac administration of both 
G-CSF and pegylated G-CSF, the results are similar in 
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terms of white blood cell count and rate of white blood 
cell count increase; and, 

(b) for pegylated G-CSF alone, comparing 
mtra-cardiac administration vs. intratracheal 
5 administration, the results are similar in terms of 
white blood cell count and rate of increase. 

Below, the materials and methods used in 
examples 5-8 are first set forth. The results follow. 

10 .Materials and M^h^p 

A ' Preparation ? f R p romhi n „ nt Hnman m ^ _ n _^ r 
Recombinant human met-G-CSF was prepared as 
described above according to methods in the Souza 
15 patent. The rhG-CSF employed was an E. coli derived 
recombinant expression product having the amino acid 
sequence shown in FIGURE 7 of the Souza patent (U.S. 
Patent No. 4,810,643 referenced above), comprising the 
entire hG-CSF polypeptide with an amino terminal 
methionine group. 

B ' Reparation of Qhsmi^Hy M a&ilisd. Q=£SE 

Recombinant human met-G-CSF with three or four 
polyethylene glycol molecules attached, referred to 
25 herein as tri-tetra pegylated G-CSF, was used in the 

examples using pegylated G-CSF. Attachment was ~ . 
accomplished via the reactive amino groups. The mean 
molecular weight of the pegylated G-CSF was between 
about 36,500 Daltons and about 42,500 Daltons, with the 
molecular weight of the polyethylene glycol chains being 
about 6000 Daltons each. A small portion of the 
pegylated G-CSF may have been penta-pegylated, but this 
portion was negligible. 

. The following met hod was used to prepare the 

35 tri-tetra peglyated G-CSF used in the studies described 
herein: 
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One gram of recombinant human met-G-CSF 
(prepared by the above method) was treated with a 15 
fold molar excess of SCM-MPEG (N-hydroxy succinimidyl 
esters of carboxymethyl methoxy polyethylene glycol) to 
5 produce predominately tri-tetra-pegylated G-CSF. The 
bulk formulated G-CSF was buffer exchanged with P H A 0 
Water-for-injection ,»WFI, ( Baxter, Deerfield, IL) 'and 
concentrated to 12.5 mg/ml. it was then diluted 1 25 

10 f0l ir h m Bi<=ine ' PH8 ' t0 ^ G " CS ^ < 10 «*/«« 

SCM lr^' ThS G " CSF So1 -^ was added to solid 
SCM-MPEG powder. Afte r reacting for 1 hour, the mixture 
was diluted 5x with WFI and the P H was adjusted to A 0 
with IN HC1. 

_ The reactio * mixture was applied to a 350 ml 

column of Toyopearl SP550c (TosoHaas, Philadelphia, PA) 
which had been equilibrated with 20 mM NaOAc, P H A 0 
The reaction by-products, n-hydroxysuccinimide (NHS) and 
unreacted PEG, did not bind to the column. The column 
was washed with 3. column volumes of equilibration 
buffer, after which PEG-G-CSF was eluted with A column 
volumes of 350 mM NaCl in 20 MM NaOAc, p H 4.0. Any 
unreacted G-CSF was eluted with 1M NaCl. 

wii-h «n ° f Pr ° t6in COntainin 9 factions eluted 

with 350 mM NaCl were pooled. PEG-G-CSF was 

concentrated, buffer exchanged into standard G-CSF 

buffer (« HCL in water) and adjusted to 1.0 mg/ m l. 

The bulk was sterile filtered and stored in vials, 2 

ml/vial, at a concentration of l.o mg/ml. 

C - ^rgced^P For P,n m nmrv Adm^^ n tl - nn nf 
P . eqylated G-psr. Ia < &jJJLa Lioi] 

r r« i ^ f ° ll0Win9 exam Ples using pegylated 

G-CSF, pulmonary administration was accomplished by 
injection of appropriate dosages into the trachea of 
hamsters, a process referred to herein as instillation. 
The instillation procedure was used in order to 
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facilitate dosage quantification. Aerosol 
administration, or other forms of pulmonary 
administration are also applicable for chemically 
modified G-CSF or pegylated proteins. All animals were 
5 treated according to applicable laws and regulations for 
the handling of research animals. 

Male golden Syrian hamsters, approximately 
100 g, were anesthetized and weighed. Anesthetized 
animals were placed face up on a slanted board (about a 

10 60 degree angle), and supported to expose the throat. A 
fiber optic lamp was positioned externally directly 
adjacent to the throat such that the light emerging " 
from the trachea could be observed through the mouth 
and the opening of the larynx thus distinguished from 

15 the esophagus. 

A 1 ml dosing syringe containing 100 \il of 
G-CSF or pegylated G-CSF was. attached to a 4 inch 20G 
pipetting needle. This, in turn, was sheathed by a 16 G 
blunt nosed needle connected to a 5 ml syringe and 

20 withdrawn to 2 ml. The purpose of the sheath was to 
help prevent backflushing of the dose during 
instillation. 

The dosing needle so sheathed was passed 
through the mouth and approximately 1.5 cm into the 

25 trachea. Positioning within the trachea was determined 
by "feeling" the tracheal cartilage with the edge of the 
dosing needle. Once in place, the syringe containing the 
dose (and also the air) was injected into the lungs. 
The needle was removed and the animals were left in 

30 place for several seconds to help prevent them from 

expectorating the dose. The animal was then removed and 
allowed to recover before returning to the cage. 

Exact dosages were determined by reweighing 
the dosing needle (on a 4 decimal place balance) 

35 after instillation. 
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D - Ascertaining Blood on count* Lte l fer&BLials 
The biological activity of pegylated G-CSF was 
determined by measurement of its effect on both the 
white blood cell counts and on percentages of different 
cell types present at defined time points. Total white 
blood cell count ("WBC") , polymorphonuclear leukocytes 
("pmns" i^., neutrophils), macrophages ("macs"), 
monocytes ("monos"), lymphocytes ("lymph") and 
eosinophils ("eos") were variously ascertained and 
counted. The samples were collected and analyzed by the 
following methods. 

PJ.QQd Samples: At a fixed period of time 
after administration, hamsters were reweighed and then 
sacrificed by C02 asphyxiation. Immediately after 
15 death, blood samples were removed via cardiac puncture. 
Half milliter samples were used for immunoassays, 
(Example 6, below), to determine relative amounts of 
pegylated or non-pegylated G-CSF. For blood smears and 
total white blood cell counts, 0.5 ml samples were 
placed in tubes containing 0.1 ml of 3% w/v EDTA and 
mixed. 

Lavage : Lavage, the washing and removal of 
lung fluid, (or bronchoaveolar lavage ("BAL") fluid), 
was performed in order to ascertain the degree of 
25 biological response within the lung. This was 
performed using 12 x 3 ml washes with phosphate 
buffered saline ( P H 7.2) . A small slit was made in the 
trachea at the level of the fifth tracheal cartilage 
below the crycoid cartilage such that 3 cm of an 18 G 
polyethylene tubing ring could be inserted. The 
leading edge of the tubing was inserted 1.5 cm into the 
trachea and tied-off with silk. 

For washing, a 5 ml glass syringe containing 
3 ml of PBS, attached to a 19 G blunt nosed needle was 
35 inserted into the cannula. The PBS was injected slowly 
into the lungs while massaging the throat. The lung 
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fluid was then withdrawn while continuing the massage. 
This process was repeated 12 times. 

The first 6 ml of lavage fluid was used for 
immunoassay of protein levels. The fluid was 
5 centrifuged at 300 x g for 10 minutes, and the 

supernatant was withdrawn. The cells were resuspended 
in 0.5 ml PBS and added to the remaining 30 ml of lavage 
fluid. Total cell counts in the lavage fluid were 
measured using a hemocytometer as well as by Coulter 

10 Counter ("coulter"). To determine the differential 
counts, a dilute cell suspension was concentrated by 
centrifugation on a glass slide (Cytospin II™, Shandon 
Company, Pittsburgh, PA) and the fraction of cell types 
were measured by using light microscopy to count and 

15 differentiate the observed cells. 

E - Procedure for P ose-Rang i ng Exam ple involving 

Svb-Cutaneous Administrate inn 
For Example 7 below, involving sub-cutaneous 
20 injection, 100 [il of tri-tetra pegylated G-CSF in 1 mM 
HC1 was either instilled or injected sub-cutaneous into 
the lower backs of male, golden Syrian hamsters. Doses 
of 0.1 (six animals), 1 (six animals), 10 (nine 
animals), 50 (six animals), and 100 (nine animals) ng/kg 
25 were administered after anesthetization with Metafane, 
followed by intra-peritoneal injection of 0.4-0.5 ml of 
lOmg/ml Brevital®. Animals were found to be awake and 
mobile 5-10 minutes after anesthetization. 

Pulmonary administration via instillation was 
30 performed as described above. 



F - Procedure f or Tntra-Cardi ar P o mparisnn Example 
For Example 8 below, involving intra-cardiac 
administration, male golden Syrian hamsters were dosed 
35 via intra-cardiac puncture with 500 ^ig/kg G-CSF or 

tri-tetera pegylated G-CSF. In order to find the correct 
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position of the heart on the hamster, the syringe 
P unger (27G syringe needle) was 

the needle was xnjected. The presence of back-flushed 
blood xndxcated that one of the ventricles had be en 
5 successfully penetrated. 

After injection, the animals injected with 
non-pegylated G-CSF were sacrificed at 0.1, 0.5, 1, 3 
6, 12 and 24 hours (five animals for each time period)'. 

10 TTT ?T" Wlth P69ylated G " CSF — —ificed at 
0.1, i, 6 , 12, 24 and 36 hours (five animals at each 

txme period) . Animals injected with 100 m of ImM HCL 
were also sacrificed at each time point (three animals 
ror each time period) . 

Cel1 Coun ting and differentiation was 
determined as above, with 0.5 ml samples removed. Prom 
these cohorts, further 1 ml samples were taken and the 
serum was then assayed for the presence of the G-CSF and 
pegylated G-CSF. 

20 G * E^i^ for immunoassay of sgam T nT „ nf 

S-CSF or Ppgulat^rt n-rw 
As indicated above, serum samples were 
obtained with the hamsters used in the intra-cardiac 
study above (injected with either pegylated or 
non-pegylated G-CSF) . To ascertain the length of time 

bIo 9 od at : h d G " CSF n0n - p ^ lated -mained in the 

blood, the serum samples collected at various time 

intervals were examined for the presence and amount of 
G-CSF antigen. 

30 „ . The ^onoassay was performed using a kit 

obtained from R S D Systems, (Indianapolis, mdiana, 
according to the instructions, which are herein 
incorporated by reference. The results presented herein 

35 inter!? " « various time 

intervals, rather than as absolute values, due to 
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limitations on assay sensitivity when the pegylated 
material was used. 

Pegylated g-csf S£l2difis 

EXAMPLE 5 

Pu l monary Admini strarinn nf Pp 0v i a t-^H 

G-CSF Fv intratracheal instillation 



Two studies were done to ascertain the effects 
of pulmonary administration of pegylated G-CSF, a 6-hour 
study and a longer, 5-day time course. Controls were 
also performed using single doses of instilled water, 
15 HC1, and G-CSF (non-pegylated) dissolved in water. 

1 • 6-Honr ShiiHy 

The 6 hour study demonstrates that pegylated 
G-CSF is absorbed from the lung into the bloodstream. 

20 Hamsters were instilled according to the 

above-described protocols with a 50 ug nominal dose of 
tri-tetra pegylated G-CSF and sacrificed at the time 
points of 0.1, 0.5, 1, 3, and 6 hours (6 animals for 
each time point) . Blood and BAL samples were removed 

25 for WBC counts, immunoassay and differential 

determination. (Immunoassay data are presented in 
Example 6, below) . 

Results? 

WBC: These data are presented in Table 3 
(below), and plotted in FIGURE 4. There is an apparent 
rise in the circulating WBCs between 3 and 6 hours after 
instillation. 
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Differential cell counts: These data are 
presented in Table 4, and FIGURE 5. A significant 
increase in the fraction of neutrophils (as ascertained 
by polymorphonuclear leukocytes or "pmns") is seen at 
5 the 3 and 6 hour time points. 



TABLE 4 
DIFFERENTIAL CELL COUNTS 



Hrs 






PMNs 


LYMPHS 


MONOS 


EOS 


0 


Avg 


(6 Samples) 


6.0 


93.0 


0.2 


0.2 




Std. 


Dev. 


2.7 


3.4 


0.4 


0.4 


0.5 


Avg 


(6 Samples) 


3. 7 


96.0 


0.3 


0.2 




Std. 


Dev. 


1.6 


1.8 


0.5 


0.4 


1.0 


Avg 


(6 Samples) 


12.5 


87.3 


0.2 


0 




Std. 


Dev. 


5.4 


5.2 


0.4 


0 


3.0 


Avg 


(6 Samples) 


40.1 


58.5 


0.3 


0.5 




Std. 


Dev. 


13.9 


13.6 


0.5 


0.8 




Avg 


(6 Samples) 


44.7 


54.5 


0.2 


0.3 


6.0 


Std. 


Dev. 


12.7 


12.2 


0.4 


0.5 



10 



Lavage fluid: These data are presented in 
Table 5 and FIGURE 6. A slight increase in pmns in the 
lavage fluid is noted about 3 hours after instillation. 
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TABLE 5 

LAVAGE FLUID 











Hemo- 


Macs 


PMNs 


Hrs 






Coulter 


cytomer 


% 


% 


0 


Avg 


(6 Samples) 


5.2 


8.6 


99.8 


0.2 




Std. 


Dev. 


2.6 


1.6 


0.4 


0.4 


0.5 


Avg 


(6 Samples) 


5.8 


9.9 


99.8 


0.2 




Std. 


Dev. 


3.2 


4.1 


0.4 


0.4 


1.0 


Avg 


(6 Samples) 


5.6 


9.2 


99.3 


0.5 




Std. 


Dev. 


3.6 


1.8 


0.8 


0.6 


3.0 


Avg 


(6 Samples) 


5.3 


9.0 


92.8 


7.2 




Std. 


Dev. 


1.9 


2.2 


9.4 


9.4 


6.0 


Avg 


(6 Samples) 


5.1 


10.7 


67.7 


32.3 




Std. 


Dev. 


3.0 


3.1 


17.0 


17.0 



2. 5-Dav Sfnriy 

The same materials and methods as used in 
the 6-hour study were used, and the same parameters 
were analyzed. 

Results; 

WBC: These data are presented in Table 3 
(above), as a continuation of the 6 hour study. The 
data are plotted in FIGURE 7 which illustrates the 
overall circulating WBC response to pegylated G-CSF over 
a 5 day period. There was a rapid rise during the first 
24 hours, then a decrease after 36 hours. The values 
return to base line after 7 days (not shown) . 

Weight Change: These data are presented 
in Table 6 and plotted in FIGURE 8. The weight change 
in the animals over the 5 day period was also recorded. 
As found for non-pegylated G-CSF previously, some loss 
in weight is noted after the first day which is then 
recovered with a steady weight gain over the remaining 
time of the study. 
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TABLE 6: ANIMAL WEIGHT AND DIFFERENTIAL CELL 
TYPES AFTER ADMINISTRATION OF PEGYLATED G-CSF 



TIME (h) 


0 


12 


24 


36 


48 


72 


96 


120 


168 




Cntrl 


















DOSE 


105.3 


83.2 


87.0. 


84.2 


92.3 


86.7 


87.6 


84.2 




WEIGHT 


11.3 


-1.5 


-7.3 


2.3 


4.0 


4.0 


10.5 


6.1 


9.3 


DIFF(g) 


1.4 


1.3 


4.0 


2.1 


2.8 


1.6 


4.4 


10.3 


1.3 


WBC 


9.2 


19.3 


28.3 


31.2 


23.2 


12.8 


15.8 


13.3 


7.9 


<xl0 3 /HD 


1.6 


4.5 


5.0 


10.5 


8.7 


3.4 


3.9 


3.0 


2.8 


RBC 


8.4 


9.9 


7.9 


9.7 


8.7 


9.6 


9.4 


9.0 


9.2 


(xl0 6 /^tl) 


1.4 


1.7 


0.7 


0.8 


0.8 


1.4 


1.0 


1.3 


1.1 


PMN(%) 


17.5 


60.8 


64.2 


5B.7 


48.8 


36.2 


44.8 


47.8 


21.5 




6.2 


4.4 


5.3 


5.1 


4.1 


8.3 


3.6 


8.0 


5.4 


Lymph (%) 


80.7 


38.5 


32.0 


38.2 


49.5 


60.8 


52.3 


49.2 


76.8 




5.7 


5.3 


6.6 


6.0 


4.4 


8.4 


3.8 


8.6 


5.5 


Mono<%) 


0.7 


0.0 


2.5 


1.5 


0.7 


1.7 


1.3 


0.7 


0.7 




0.5 


0.0 


0.6 


1.2 


0.5 


1.2 


1.0 


0.8 


0.8 


EOS (%) 


1.2 


0.8 


1.3 


1.7 


1.0 


1.3 


1.5 


2.3 


1.0 




0.8 


1.0 


1.2 


1.5 


0.6 


1.0 


0.6 


1.8 


1.1 


PMN 


1.6 


12.6 


18.1 


18.7 


11.4 


4.8 


7.0 


6.4 


1.7 


(xlO 6 ) 


0.7 


3.2 


3.3 


7.5 


4.5 


2.0 


1.8 


1.7 


0.6 


WBC(xl0 6 ) * 


8.0 


7.8 


10.9 


9.6 


N/A 


11.5 


8.7 


10.7 


9.8 


WBC(xl0 6 ) * 


1.4 


2.3 


1.7 


1.8 


N/A 


2.9 


1.4 


2.5 


3.2 


9.8 


11.9 


12.5 


11.1 


13.5 


N/A 


12.5 


10.9 


10.5 




1.7 


3.5 


3.0 


2.1 


4.3 


N/A 


1.0 


1.8 


1.2 


MAC-BAL 


99.0 


89.2 


80.7 


B4.5 


79.7 


87.0 


88.7 


96.2 


97.3 


(%) 


1.1 


9.7 


18.3 


8.6 


6.0 


5.4 


2.7 


2.5 


1.8 


PMN-BAL 


0.7 


10.6 


19.3 


14.3 


18.5 


11.5 


8.8 


2.3 


1.0 


(%) 


0.5 


9.8 


18.3 


7.7 


5.0 


4.0 


2.3 


1.4 


1.7 


OTHER-BAL 


0.3 


0.2 


0.0 


1.2 


1.8 


1.5 


2.5 


1.5 


1.7 


(%) 


0.8 


0.5 


0.0 


1.0 


1.6 


1.6 


2.7 


1.4 


1.6 


MAC-BAL 


7.9 


6.8 


8.7 


8.1 


10.7 


10.0 


7.8 


10.2 


9.5 


(xlO 6 ) 


1.3 


1.2 


1.7 


2.0 


3.6 


2.5 


1.4 


2.1 


3.1 


PMN-BAL 


0.1 


0.9 


2.3 


1.4 


2.5 


1.3 


0.6 


0.3 


0.1 


(xlO 6 ) 


0.1 


0.9 


2.5 


0.8 


1.1 


0.6 


0.1 


0.2 


0.1 
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"N/A" i*dW , W6re USSd 6aCh time P eriod ' 

N/A mdxcates data which are not available. For the 

cell counts and percentages, the top number is the 

5 ™ T Z' T b ° tt0m " St3ndard dev "tion. 

moicates a Coulter Counter was used. indicates 
a heraocytometer was used. indicates 

Differential Cell Types:- These data are 
Presented in Table 6 (above,, and plotted in figure 8 

10 neut" rlSe ^ ^ ° f 

the reL * " ^ ^ 3 Stead * decli - -er 

th! r 9 P6ri0d ° f StUdy ' This correlates with 
the WBC count, above (Table 3) . 

Lavage: These data are presented in Table 6 
(above), and plotted in FIGURE 10 As ean h« 
15 percent-*™* As can be seen, peak 

Percentage of neutrophils in the lung occurs at 24 

hours, and returns to baseline at approximately 120 
hours after administration. 



20 



25 



3 - "f*^^^^ 

Non-PPnyi,^ ^_ r . r [n _ mtS} 

to th. „ C ° ntr01 eXPerimentS wer * Performed according 
to the materials and methods described above 

for do • hamSt6rS WSre US6d f ° r each con trol study 

for dosing by intratracheal instillation. All hamsters 

intraperitoneal injection of Brevital® (except one 
control group was not given the inhaled anesthetic,. All 

to 1221 r re . filtered a 0.22pm Acrodis* prio 

to administration. Animals were sacrificed after 24 

o fceU t B1 ° 0d ^ B " SamPl6S W6re ~ 

of cell types and total counts as described above 

was H- , G '° SF ln WatSr C ° ntro1 ' ^ G-CSF 

was dissolved in water and then instilled at a dose 
equivalent to 500 ng/ kg . 



35 



For the inhaled anesthetic control group, a 
dosage of 50 ,g non-pegylated G-CSF was given 
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Result^ 

No inhaled anesthetic: These data are 



shown in Table 7 and the white blood cell counts are 
graphed in figure „. As can be se<Jn _ , substantial 
increase in WBC count is- found. There is no significant 
difference xn the 24 hour response whether inhaled 
anesthetic is used or not. This indicates that inhaled 

anesthetic has no apparent efferr- ™ 

*'f ai «"t errect on the response to 

G-CSF after intratracheal administration. 
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TABLE 7: 
ANESTHETIC CONTROLS 



Dose(nl) 
Dose (ng) 

Weight 
diff . 

WBC Cnt 
(xl03) 

RBC Cnt 

(xl03) 
PMN % 
Lymph % 
Mono % 
EOS % 
BAL- 

Coulter 
(xl06) 

BAL-Hemo 
(xl06) 
BAL-PMN% 
BAL-MAC% 
BAL-OTHER 
% 

BAL-MAC 
(xl06) 

BAL-PMN 
(xl06) 



24 hr. After 

No aaasthstls 

Av 9 5 std. 

Animals Deviation 
91.0 8 . 9 
45.5 4.5 
-0-5 i.o 



21.3 

7.6 

60.2 
39.2 
0.4 
0.2 
7.7 



9.6 

17.6 
82.0 
0.0 

NOT DONE 

NOT DONE 



3.6 
0.2 

7.3 
7.1 
0.6 
0.5 
2.4 



1.7 

6.3 
6.0 
0.0 



24 hr. After 

Inhaled anesthetic 



Avg 6 
Animals 
76.7 
38.4 
-1.3 

22.0 

8.3 

62.7 
36.5 
0.5 
0.3 
7.6 



22.5 

25.0 
74.8 
0.2 

5.6 

1.9 



Std. 
Deviation 
6.9 
3.4 
1.5 

5.9 

1.2 

6.6 
6.4 
0.6 
0.5 
1.3 



0.9 

9.4 
9.5 
0.4 

1.0 

0.9 



J>. water is illustrated in 
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FIGURE 12. as can be seen, the influx of neutrophils 
into the lung is bv far tha neutrophils 
„ • • y the neatest in the presence of 

administered G-CSF Ther* ie . . Presence of 

between th. „ / ° Slgnifican t difference 

between the neutrophil levels present in the lung after 

^stration " ^ * " 4 '° ^ 
indicating that the acid vehicle does not contribute to 

lung permeability. 10ute to 



10 



EXAMPLE 6 



in this study, the pharmacokinetics of 
Pe9ylated G-csr were studied in two respects- n, the 
« transfer of peoyiated G -csr from the lu„ g t 0 th. 

stays rn the serum after instillation. Materials and 
methods are described above. "terrals and 

20 the serum: ^VIT'T ^ <* *»* T ° 

relative basis The h , " *" 13 °" * 

of peovlated v' Prese "ted as a comparison 

r L 11 . .SSI- n °"-^»lated G-CSP. As can be seen> 



25 



30 



35 



the pegylated G-CSF transfers to th ' ^ S6en ' 

than non-pegylated G-CSF ^ ^ Sl ° Wly 

Tim.- th SerUm C ° nCentration of Pegylated G-CSF Over 

G-CSF is PGak . SerUm C ° nCen ^°n of the pegylated 

wherea thTpTr" 1 ' ^ ^ ^ ^illation, 
whereas the pea* ser Um concentration for non-pegylated 

Also n t a h PPr ° Ximate ^ one hour after instillation. 
Also in thxs assay, the peak concentration for the 
Pegylated material appeared *™ • 

PP d a PP r oximately one order nf 
^nitude lower than the pea, concentration fo the 

inn materla1 ' tUt theSe «— -V »av been 

nfluenced by the sensitivity limitations of the 
immunoassay itself. 
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10 



15 



20 



trans, , 14 Pl ° tS d3ta for logarithmic 

CSFand non -Pegylated G-CSF with absorption rate 
constants. As can be seen, the pegylated G-CSF is 
absorbed with apparent first order kinetics. 



EXAMPLE 7 



In this study, routes of administration for 
Methods used are described above. 

Data are Presented in Table 9 
FIGURE „ (plottl „ g „ hlte blood 

total white blood cell count, and various cell 
differentiation. 
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TABLE 9: 

E RANGING OF PEGYLATED G-CSF ADMINISTERED 
INSTILLATION, ANIMAL WEIGHT, CELL COUNTS 
AND CELL DIFFERENTIALS 



Treatment 
(100 Jll) 

Dose 
(wt/mg) 

Weight 
Diff . 
(24h(g)) 
Total WBC 
(x 103/^ii) 

Total RBC 
(x 10 6 /nl) 

PMN 
% 

Lymphocyte 
% 

Monocyte 
% 

Eosinophil 
% 

Counts 

PMN 3 



0.1 *lg 
(6 

animals) 

97.3 

4.4 

1.8 

-0.3 

3.1 

1.3 

11.2 

2.4 

1.0 

8.6 

0.6 

0.2 
30.3 

8.1 

3.3 
66.8 
10.4 
4.2 
0.2 
0.4 
0.2 
2.7 
3.4 
1.4 
3.3 
0.9 
9.4 



1.0 ng 
(6 

animals) 
89.2 
7.7 

-5.8 
4.8 

14.0 
4.7 

9.7 
0.8 

48.2 
14.9 

51:7 

15.1 

0.2 
0.4 

0.0 
0.0 

7.3 
4.7 



10.0 Jig 
(9 

animals) 
(ave.3 
animal s= 
91.6) 
2.2 
3.2 

33.3 
10.8 

12.3 
3.9 

62.6 
5.0 

36.4 
4.8 

0.4 
0.5 

0.6 
0.7 

20.4 
5.5 



50.0 Jig 
(6 

animals) 

(not 
avail. ) 

0.7 
1.2 

42.5 
7.4 

14.7 
2.4 

60.7 
6.1 

37.3 
5.8 

1.0 
1.6 

1.0 
0.9 

25.6 
4.2 



100.0 jig 
(9 

animals) 
(ave.3 
animals «= 
93.6) 
1.7 
1.3 

28.9 
9.5 

9.7 
2.1 

63.6 
5.6 

34.2 
5.8 

0.8 
0.8 

1.4 
1.3 

18.6 
6.9 
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The top number in each row is the average, the next 
numberis the standard deviation. For the 0.1 £ 
treatment, the third number is the standard erro! of the 
mean ("SEM") # 
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TABLE 10 



DOSE RANGING STUDY OF PEGYLATED 
INJECTION: ANIMAL WEIGHT, CELL 
Treatment 0.1 Ug 1.0 ng 
(100 (6 (6 

animals) animals) 
93.5 91.0 



Dose 
(wt/mg) 



Weight 
Diff . 
(24h(g) ) 
Total WBC 
(x 10 3 /jll) 

Total RBC 
(x 10 6 /jil) 

PMN 
% 

Lymphocyte 
% 

Monocyte 
% 

Eosinophil 
% 

Counts PMNs 



4.2 
1.7 

3.8 
1.3 
0.5 
9.7 
2.3 
0.9 
8.2 
0.7 
0.3 
26.3 
5.1 
2.1 
72.7 
4.3 
1.7 
0.0 
0.0 
0.0 
1.0 
1.6 
0.6 
2.6 
0.9 
0.4 



3.2 



-0.5 
7.4 

26.4 
7.1 

9.8 
0.7 

59.0 
0.3 

39.7 
5.5 

0.0 
0.0 

0.7 
0.8 

15.7 
5.3 



G-CSF ADMINISTERED BY SUBCUTANEOUS 
COUNTS, AND CELL DIFFERENTIALS 
10.0 Jig 50.0 \ig 100.0 Jig 
(6 

animals) 

(not 
avail.) 



(9 

animals) 
(avg. of 
3 animals 
- 100.0) 



2.8 
2.8 

41.2 
13.3 

13.5 
4.5 

58.6 
4.2 

40.3 
4.3 

0.6 
0.9 

0.6 
0.7 

24.3 
8.5 



1.0 
1.7 

42.2 
6.0 

14.0 
1.6 

59.3 
5.6 

39.5 
6.2 

0.0 
0.0 

0.5 
0.8 

25.0 
4.0 



(9 

animals) 
(avg. of 
3 

animals 
«= 94.7) 

1.4 

0.6 

34.6 
7.6 

10.0 
3.5 

66.3 
4.8 

31.8 
3.7 

0.8 
0.4 

1.1 
1.3 

22.9 
5.3 
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The t op number is thfi 

nu^er is the standard deviation. Fo r t he 0.1 , g 

thT I'"' " tMrd (b0 "- — - ^ - is 



10 



15 



uh ., K1 WBC: Parti cularly, as shown in FIGURE 16 the 
white blood cell count steadily increased for both lis 
of a^stration of pegy iated C-CSF. The re is a til 
lag m response at the inu h^o^ i 

r-r*r k ° Se level s for pegyiated 

G-CSF, because of the time t+ ~c ^ sy 

e time (ti /2 =6.1 hours) for 

sufficient pegyiated G-CSF to penetra^ -k 

barrier- =^ • • . Penetrate the pulmonary 

barrier and initiate a response. This lag is not 

apparent at higher doses, however anH „ 

evpn n,^ ! , nowever, and one can see that 

even the ow fractions! transfer of pegyiated G-CSF to 

used i " " ithi " ^°*-tely one hour at doses 
used is sufficient to elicit a „a* im al response. 



EXAMPLE 8 



20 



^ainaiLion Kiaau^ ~ f Tn|l|| r 



aeration. FO r this intra-cardiac administration 
study, a dose o, 500 was giv en to each ani m al and 

5 anr„als were sailed for each pelted 

30 r r ;rt ated g ~ csf ' at time p ° ints ° f 

; B : 0 ; and 36 hours - r ° r ^ ^ 

point C ° ntr01 ' 3 aMmalS " ere >~* « «ch tine 
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Result p 

Results are presented in Table 11 and 
FIGURES 16, 17, and 18. TABLE 11 
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COMPARISON -OF PEGYLATED G-CSF 
WITH NON-PEGYLATED G-CSF: 
WHITE BLOOD CELL COUNTS 
AFTER INTRACARDIAC ADMINISTRATION 



Table 11: 



Time 
(hrs) 



WBC counts and 
PEG G-CSF in The Circulation 
After IC Injection 



G-CSF 
WBC #s 



PEG G-CSF 
WBC #s 



Vehicle 
WBC #s 



0.1 


avg 


5.5 


6.1 


5.5 




stdv 


1.6 . 


1.2 


0.3 


0.5 


avg 


5.5 


na 


5.4 




stdv 


1.7 


na 


1.7 


1 


avg 


7.9 


8.2 


4.4 




stdv 


3.6 


1.5 


3.7 


3 


avg 


11.8 


na 


7.2 




stdv 


1.5 


na 


4.3 


6 


avg 


11.6 


11.2 


8.1 


12 


stdv 


4.0 


4.9 


2.6 


avg 


25.0 . 


22.0 


6.1 


24 


stdv 


5.9 


6.2 


3.8 


avg 


27.1 


27.2 


8.1 


36 


stdv 


12.1 


6.7 


4.6 


avg 


na 


37.4 


11.6 




stdv 


na 


14.9 . 


0.2 



WBC count: Table 11 snows data for white blood 

G C F CO a U n n d^ f0 V i, n0n - pe ^*- d G-CSF, (11) pe gy lated 

CSF ' and aci <* vehicle alone (HC1, p H 4 0) 

These data are plotted in FIGURE 16. As can be seen, 
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there is an increase in white blood cell count after a 
single intra-cardiac injection of 500 ug/kg G-CSF, 
whether pegylated or non-pegylated, and this increase is 
not seen with the control. 

Pulmonary administration vs. Intra-Cardiac 
Administration: A comparison was made between previous 
data obtained for the WBC response after intratracheal 
instillation and the intra-cardiac injection of 
pegylated G-CSF. These data are plotted in FIGURE 17. 

As can be seen, surprisingly, the white blood 
cell profiles appear to be similar for both routes of 
administration, whether through the lung or directly to 
the blood via the heart. This is surprising because a 
time lag would have been expected. As demonstrated by 
immunoassay data above, roughly half of the instilled 
dose is available for absorption from the lung to the 
blood stream. The present study indicates that even a 
small fraction of the pegylated G-CSF presented to the 
circulation within 1 to 2 hours post-dosing would be 
sufficient to exert a profound effect on WBC numbers. 

When non-pegylated G-CSF is compared 
(pulmonary administration vs. intra-cardiac injection), 
there are apparent differences in response time. 
FIGURE 18. 

While the present invention has been described 
m terms of preferred embodiments, it is understood that 
variations and modifications will occur to those skilled 
in the art. Therefore, it is intended that the appended 
claims cover all such equivalent variations which come 
within the scope of the invention as claimed. 
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WHAT IS CLAIMED IS: 

1. A dispersion of particles consisting 
essentially of a pegylated protein, optionally in a 

5 pharmaceutical^ acceptable carrier. 

2. A dispersion according to claim 1 wherein 
the mass median diameter of said particles is less than 
lOnm. 
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3. A dispersion according to claim 2 wherein 
the mass median diameter of said particles is between 
0.5 and 5 um. 

4. A dispersion according to claim 1 wherein 
said protein which is pegylated is selected from the 
group consisting of a cytokine, a growth factor, 
plasminogen activator and a proteinase inhibitor. 

5. A dispersion according to claim 4 wherein 
said protein which is pegylated is a cytokine. 

6. A dispersion according to claim 5 wherein 
said cytokine is a hematopoietic factor. 

7. A dispersion according to claim 6 wherein 
said hematopoietic factor is selected from the group 
consisting of G-CSF, SCF, EPO, GM-CSF, CSF-1, IL-1, 
IL-2, and IL-6. 

8. A dispersion according to claim 4 wherein 
said protein which is pegylated is a growth factor. 

9. A dispersion according to claim 8 wherein 
said growth factor is selected from the group consisting 
of human and animal growth hormone. 
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10. A dispersion according to claim 4 wherein 
said protein which is pegylated is a plasminogen 
activator. 

5 

11. A dispersion according to claim 10 wherein 
said plasminogen activator is selected from the group 
consisting of tPA, urokinase and streptokinase. 

10 12 ' A dispersion according to claim 1 wherein 

said polyethylene glycol has a molecular weight of 
between about 500 and 20,000. 
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13. A dispersion according to claim 12 
wherein said molecular weight is at least about 600. 

14. A dispersion according to claim 13 
wherein said molecular weight is about 6000. 

15. A dispersion according to claim 1 wherein 
said polyethylene glycol is capable of being in solid 
form. 

16. A dispersion according to claim 1 wherein 
said pegylated protein contains more than one molecule 
of polyethylene glycol. 



17. A dispersion according to claim 1 wherein 
said pegylated protein contains 2 to 5 polyethylene 

30 glycol molecules. 

18. A dispersion according to claim 1 wherein 
said particles are in aqueous form. 

35 19 * A Aspersion according to claim 1 wherein 

said particles are in non-aqueous form. 
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20. A dispersion according to claim 19 
comprised of powder particles. 

21. A dispersion according to claim 20 
wherein the mass median diameter of said particles is 
less than 10 \xm. 

22. a dispersion according to claim 20 
wherein said mass median diameter of said particles is 
between 0.5 and 5 urn. 

23. A dispersion of particles wherein said 
particles consist essentially of pegylated G-CSF. 

24. A dispersion of pegylated G-CSF 
particles, each of said particles containing a 
pharmaceutical^ acceptable carrier. 

25. A method for the pulmonary administration 
of a pegylated protein, comprising depositing an 
effective amount of said pegylated protein optionally in 
a pharmaceutical^ acceptable carrier in the lungs of a 
mammal in need thereof while the mammal is inhaling. 

26. A method according to claim 25 wherein 
said pegylated protein is in the form of a solution in 
an aqueous medium or a suspension in a non-aqueous 
medium. 

27. A method according to claim 26 wherein 
said pegylated protein optionally in a pharmaceutical^ 
acceptable carrier is in the form of a dry powder. 
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28. A method according to claim 27 wherein 
said dry powder has a mass median diameter of said 
particles of less than 10 pm. 

29. A method according to claim 28 wherein 
said mass median diameter of said particles is between 
0.5 and 5 \im. 

30. A method according to claim 26 wherein 
said mass median diameter of said protein which is 
pegylated is selected from the group consisting of a 
cytokine, a growth factor, plasminogen activator, and 
proteinase inhibitor. 



15 31. A method according to claim 30 wherein 

said protein which is pegylated is a cytokine. 



20 



25 



30 



32. A method according to claim 31 wherein 
said cytokine is a hematopoietic factor. 

33. A method according to claim 32 wherein 
said hematopoietic factor is selected from the group 
consisting of G-CSF, SCF, EPO, GM-CSF, CSF-1, IL-2, and 
IL-6. 

34. A method according to claim 30 wherein 
said protein which is pegylated is a growth factor. 

35. A method according to claim 34 wherein 
said growth factor is selected from the group consisting 
of human and animal growth hormone. 



36. A method according to claim 30 wherein 
said protein which is pegylated is a plasminogen 
35 activator. 
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37. A. method according to claim 36 wherein 
said plasminogen activator is selected from the group 
consisting of tPA, urokinase and streptokinase. 

5 38. A method according to claim 25 wherein 

said protein is pegylated with at least one polyethylene 
glycol molecule having a molecular weight of between 
about 500 and 20,000. 

10 39. A method according to claim 38 wherein 

said molecular weight is at least about 600. 

40. A method according to claim 39 wherein 
said molecular weight is about 6000. 

15 

41. A method according to claim 25 wherein 
said protein is pegylated with at least one polyethylene 
glycol molecule, said polyethylene glycol molecule being 
capable of being in solid form. 

20 

42. A method according to claim 25 wherein 
said protein is pegylated with more than one molecule of 
polyethylene glycol. 

25 43. A method according to claim 42 wherein 

said protein is pegylated with 2 to 5 polyethylene 
glycol molecules. 



44. A method according to claim 25 wherein 

30 said pegylated protein is delivered to the lungs of said 
mammal from a mechanical device. 

45. A method according to claim 44 wherein 
said mechanical device is a nebulizer, metered dose 

35 inhaler or powder inhaler. 
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«-h fc A meth ° d acCordin 9 to claim 45 wherein 

said mechanical device is a nebulizer. 

47. A method according to claim 46 wherein 
5 said nebulizer is ultrasonic. 

48. A method for the pulmonary administration 
of pegylated G-CSF, comprising depositing an effective 
amount of said pegylated G-CSF optionally in a 

0 pharmaceutical^ acceptable carrier in the lungs of a 
mammal in need thereof while the mammal is inhaling. 
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49. A method according to claim 48 wherein 

HI rr at6d G " CSF ° Ptiona11 * in * Pharmaceutical^ 
acceptable carrier is tri-tetra pegylated G-CSF. 

said +n ,1°' A meth ° d aCC ° rdin 9 to ^im 49 wherein 
sa ld tri-tetra pegylated G-CSF optionally in a 

Pharmaceutical^ acceptable carrier contains at least 
one ^ethylene glycol molecule having a molecular 
weight of at least about 600. 

51. A method of claim 50 wherein said 
molecular weight is about 6000. 
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FIG. II 
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FIGURE 18 

Comparison of the response to 500jjg/kg 
G-CSF after intratracheal instillation and 
after intra cardiac injection 
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